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1. Introduction 

The U.S. Army Research Laboratory (ARL) has been investigating the ballistic potential of 
magnesium (Mg) alloys for use in vehicle and personnel protection.  Military specification MIL-

DTL-32333 (1) uses commercially available Mg AZ31B alloy as the baseline for monolithic armor 
plate.  Rolled AZ31B has been shown to be an effective substitution for aluminum (Al) alloy 5083-
H131 (AA5083) against armor-piercing (AP) projectiles on an equivalent weight basis.  The 
weight-neutral AZ31B-H24 plate would be 50% thicker than the AA5083-H131 it might replace.  
ARL evaluated the proprietary, high strength, Magnesium Elektron 675 (Mg E675) alloy in an 
effort to determine if this alloy has improved performance compared to the baseline AZ31B-H24 
alloy. 

2. Material Properties 

The chemical composition of commercially pure melt grade magnesium (CPMg 9980B) (2), Mg 
AZ31B (1), and AA5083 (3) are provided in table 1 for comparison.  The general composition of 
Mg E675 (2) is proprietary by Magnesium Elektron.  

The mechanical properties and density of CPMg 9980B (2), Mg AZ31B (1), and AA5083 (3) are 
provided in table 2 and compared to Mg E675 (2) for comparison.  Although having a higher 
density, the yield strength of Mg E675 is over two times the yield strength of Mg AZ31B.  This 
is a critical property in reducing the plastic failure of the material.  The ductility is marginally 
better than Mg AZ31B. 
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Table 1.  Chemical composition (%) of metal alloys. 

Element (%)/Alloy CPMg 9980B AZ31B-H24 AA5083-H131 
Aluminum — 2.5–3.5 REM 
Manganese 0.10 max 0.2–1.0 0.40‒1.0 

Zinc — 0.6–1.4 0.25 max 
Yttrium — — — 

Neodymium — — — 
Rare earths (total) — — — 

Zirconium — — — 
Silicon — 0.10 max 0.40 max 
Copper 0.02 max 0.05 max 0.10 max 
Nickel 0.005 max 0.005 max — 
Iron — 0.005 max 0.40 max 

Calcium — 0.04 max — 
Chromium — — 0.05–0.25 max 

Lead 0.01max — — 
Tin 0.01 max — — 

Titanium — — 0.15 max 
Others each 0.05 max — 0.05 max 
Others total — 0.30 max 0.15 max 
Magnesium 99.80 min REM 4.0–4.9 max 

Specification cited ASTM-B92 ASTM-B90 ASTM-B209 

 
 

Table 2.  Quasi-static properties of metal alloys. 

Property/Alloy CPMg 9980B Mg AZ31B-H24 AA5083-H131 Mg E675-T5 
Yield stress (MPa) 21 125 282 310 

Ultimate tensile stress (MPa) 90 235 391 410 
Elongation (%) 4 7 13 9 

Form Cast Rolled Rolled Extruded 
Density (g/cm3) 1.74 1.77 2.66 1.95 

 
 

3. Experimental Test Methodology 

Ballistic testing of extruded Mg E675-T5 plates was performed by ARL at Aberdeen Proving 
Ground, MD, in accordance with MIL-STD-662F (4).  Ballistic results were characterized using 
the standard V50 test methodology, also documented in MIL-STD-662F.  
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Magnesium Elektron provided ARL with E675 plates in the following thicknesses:  1.5, 2.5, and 
3 in.  These plates were evaluated against the 0.30-cal. AP M2 (figure 1), 0.50-cal. fragment 
simulating projectile (FSP) (figure 2), and 20-mm FSP (figure 3) based on the ballistic 
performance requirements of military specification MIL-DTL-32333.  The AP M2 projectiles 
used were standard production, while the FSPs used were produced in accordance with MIL-
DTL-46593B (MR) (5). 

 

 

Figure 1.  Diagram of 0.30-cal. AP M2 AP projectile. 

 
 
 

 

Figure 2.  Diagram of 0.50-cal. FSP. 
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Figure 3.  Diagram of 20-mm FSP. 

4. Ballistic Evaluation 

The V50 ballistic limit evaluation of each material was conducted by the Protection Division of 
ARL.  The extruded plate of Mg E675-T5 was evaluated and compared to the performance of 
Mg baseline AZ31B-H24 and AA5083-H131 (6) on an equivalent weight (i.e., areal density) 
basis, as shown in figures 4–6.  Linear interpolation (equation 1) was used to approximate data 
points for AZ31B and AA5083 using the respective minima from military specification MIL-
DTL-32333 and MIL-DTL-46027K (7) for comparison to the Mg E675 ballistic limits (V50’s).  
The tested ballistic limits for Mg E675 are shown in tables 3–5.  The Mg E675 plate yielded a 
higher ballistic limit than Mg AZ31B and AA5083 for each projectile.  However, as plate 
thickness increases, the difference in ballistic performance over AA5083 was significantly 
reduced.  This trend was attributed to the lack of ductility in E675 compared to 5083, which 
reduced energy dissipation.  Visual analysis of the Mg E675 plate showed massive shear 
cracking, which is a product of poor ductility.  Pictures of the gross lateral cracking after ballistic 
impact for all projectiles are shown in appendices A, B, and C.  Additionally, the lack of ductility 
resulted in large spall rings as the projectile perforated the Mg E675.  The ballistic data and 
pictures for Mg E675 plate agree with the reported results from the TNO Defense, Security and 
Safety (The Netherlands) (8).    
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Figure 4.  V50 ballistic limit of Mg alloy E675, Mg AZ31B, and AA5083 against 0.30-cal. AP M2. 
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Figure 5.  V50 ballistic limit of Mg alloy E675, Mg AZ31B, and AA5083 against 0.50-cal. FSP. 
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Figure 6.  V50 ballistic limit of Mg alloy E675, Mg AZ31B, and AA5083 against 20-mm FSP. 

 
 
 

Table 3.  Comparison of the metal armor performance against the 0.30-cal. AP M2. 

Areal 
Density 
(lb/ft2) 

Plate 
Thickness 

(in) 
AZ31B 

(ft/s) 
AA5083 

(ft/s) 

E675-T5 
Half Aged 

(ft/s) 

E675-T5 
Normal Aged 

(ft/s) 

Improvement 
Over AZ31B 

(%) 

Improvement 
Over 5083Al 

(%) 
15.21 1.5 1908 1924 2457 — 29 28 

25.35 2.5 2702 2600 3054 — 13 17 
30.42 3.0 2971 3053 — >3231a >9 >6 

aHighest partial penetration. 
 
 
 

Table 4.  Comparison of the metal armor performance against the 0.50-cal. FSP. 

Areal 
Density 
(lb/ft2) 

Plate 
Thickness 

(in) 
AZ31B 

(ft/s) 
AA5083 

(ft/s) 

E675-T5 
Half Aged 

(ft/s) 

Increased 
Improvement 
Over AZ31B 

(%) 

Increased 
Improvement 
Over 5083Al 

(%) 
16.11 1.59 2787 3369 3793 36 13 
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Table 5.  Comparison of the metal armor performance against the 20-mm FSP. 

Areal 
Density 
(lb/ft2) 

Plate 
Thickness 

(in) 
AZ31B 

(ft/s) 
AA5083 

(ft/s) 

E675-T5 
Half Aged 

(ft/s) 

Increased 
Improvement 
Over AZ31B 

(%) 

Increased 
Improvement 
Over 5083Al 

(%) 
23.82 2.35 2563 2989 3202 25 7 

 
 

5. Corrosion Analysis 

Corrosion analysis was conducted by the Materials Division of ARL.  Visual and numerical 
corrosion assessments of E675 were initiated using accelerated corrosion experimental 
procedures GM 9540P (9) cyclic accelerated corrosion and ASTM B 117-90 (10) neutral salt fog 
(NSF), as described elsewhere (11).  Under these methods, the E675 was evaluated vs. a variety 
of Mg-based alloys and commercially pure Mg (12).  Aside from the commercially pure Mg, the 
E675 was the worst among the alloys for corrosion under both exposures.  Its corrosion was 
characterized by dark staining and deep pitting that was produced in both environments but more 
severe under NSF.  The relative corrosion rates among the Mg alloys and CP Mg under the 
accelerated corrosion exposures are plotted in figure 7.  GM 9540P cyclic corrosion scans and 
NSF scans of the E675-T5 are displayed in figures 8 and 9.  Finally, visual comparisons of the 
E675 to Mg alloy AZ31B (MIL-DTL-32333) and AA5083-H131 (MIL-DTL-46027K) (7) for 
both the GM cyclic exposure and the NSF appear in figures 10 and 11, respectively. 
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Figure 7.  Corrosion rates in mils per year (mpy) based upon mass loss measurements after neutral salt fog 
(red) and GM 9540P cyclic corrosion exposures (blue). 

 

Figure 8.  E675-T5 after GM 9540P cyclic corrosion. 
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Figure 9.  E675-T5 after neutral salt fog. 

 
 
 

 

Figure 10.  GM 9540P corrosion comparisons between armor plate alloys at 10 cycles. 



 10

 

Figure 11.  ASTM B 117 neutral salt fog comparisons between armor plate alloys at 168 hours. 

6. Conclusion 

Mg alloy E675 offers a higher ballistic protection by as much as 28% (depending on projectile) 
at equal weight for single impacts when compared to baseline Mg AZ31B and Al alloy 5083.  
The rare earths’ elements (proprietary by Magnesium-Electron) in the chemical composition of 
Mg E675 increase the weight of the material.  As thickness increases, the percent improvement 
in ballistic performance of Mg E675 over Mg AZ31B and AA5083 is significantly reduced.  This 
trend is attributed to the lack of ductility in Mg E675 compared to AA5083, which reduced 
energy dissipation of the material.  Additionally, the massive cracking through and across Mg 
E675 and extremely poor inherent corrosion resistance of the alloy will need to be addressed 
before it can be considered a robust solution for armor applications.  The Mg E675 does not pass 
the corrosion resistance requirement specified in military specification MIL-DTL-32333.  Lastly, 
the rare earths’ elements in the chemical composition of Mg E675 will likely increase the cost of 
the material compared to Mg AZ31B and AA5083.   
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Appendix A.  Ballistic Test Data and Pictures, 0.30-cal. Armor-Piercing M2 

 

                                                 
This appendix appears in its original form, without editorial change. 
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Ballistic Data & Pictures  
1.5" Magnesium E675-T5 Plate, ½ aged 
 
 
Target: Magnesium E675-T5; 1/2 aged time 18-Oct-07
Plate #: DF 9240-675 EF106
Lot#:
Thickness: 40.360mm (Plate #2: 1.588")

Hardness: 131 BHN on 3000kg scale (Plate #2: 131)
Obliquity: 0°
Projectile: .30-cal APM2

Setup:  Mg-Air(6")-AL 2024(0.20")

V50: 749 m/s # shots: 4
Std Dev: 7 m/s Spread: 15 m/s

ZMR: 0

Striking Striking Pitch Yaw Result Comments Shot
Velocity Velocity #

(m/s) (ft/s) (deg) (deg) (PP/CP)

721 2366 -- -- PP -- 6229 Plate #2
757 2483 -- -- CP -- 6230 "
723 2372 -- -- PP -- 6231 "
742 2435 -- -- PP -- 6232 "
744 2439 -- -- PP -- 6233 "
754 2472 -- -- CP -- 6234 "  
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Pictures 
 
 
(a) Entry 
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(b) Exit 
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Ballistic Data & Pictures  
2.5" Magnesium E675-T5 Plate, ½ aged 
 
 
Target: Magnesium E675-T5; 1/2 age time 10/19/2007-10/22/2007
Plate #: DF 9242-675 EF106
Lot#:
Thickness: 59.919mm (2.359")

Hardness: 131 BHN on 3000kg scale
Obliquity: 0°
Projectile: .30-cal APM2

Setup:  Mg-Air(6")-AL 2024(0.20")

V50: 931 m/s # shots: 4
Std Dev: 7 m/s Spread: 17 m/s

ZMR: 2

Striking Striking Pitch Yaw Result Comments Shot
Velocity Velocity #

(m/s) (ft/s) (deg) (deg) (PP/CP)

902 2957 -- -- PP -- 6235
961 3153 -- -- CP -- 6236
948 3111 -- -- CP target corner broke off 6237
940 3084 -- -- CP -- 6238
941 3086 -- -- CP -- 6240
931 3054 -- -- PP -- 6241
929 3048 -- -- CP -- 6242
923 3027 -- -- PP -- 6243  
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Pictures 
 
(a) Entry 
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(b) Exit 
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Ballistic Data & Pictures  
1.5" Magnesium E675-T5 Plate, Full-age 
 
 
Target: Magnesium E675-T5; full-age time 7-Nov-06
Plate #: EF106
Lot#:
Thickness: 31.596mm (2.964")

Hardness: 128 BHN on 3000 scale
Obliquity: 0°
Projectile: .30 cal APM2

Setup:  Mg-Air(6")-AL 2024(0.20")

V50: 934 m/s # shots: 4
Std Dev: 79 m/s Spread: 0 m/s

ZMR: 0

Striking Striking Pitch Yaw Result Used Comments Shot
Velocity Velocity for V50 #

(m/s) (ft/s) (deg) (deg) (PP/CP)

818 2683 -- -- PP Yes No Bulge. 4913
869 2851 -- -- PP Yes No Bulge. 4914
949 3112 -- -- PP Yes No Bulge. 4915
984 3228 -- -- PP Yes No Bulge. Large Cracking in plate. 4916 MAX LOAD
985 3231 -- -- PP Yes No Bulge. Large Crack. 4917 MAX LOAD  
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Pictures 
 
(a) Entry 
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(b) Exit 
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Appendix B.  Ballistic Test Data and Pictures, E675-T5, 0.50-cal.  
Fragment Simulating Projectile 

 
 

                                                 
This appendix appears in its original form, without editorial change. 
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Ballistic Data & Pictures  
1.5" Magnesium E675-T5 Plate, ½ aged time 
 
 

Setup:  Mg-Air(6")-AL 2024(0.20")

V50: 1156 m/s # shots: 4
Std Dev: 6 m/s Spread: 13 m/s

ZMR: 1 m/s

Striking Striking Pitch Yaw Result Comments Shot
Velocity Velocity #

(m/s) (ft/s) (deg) (deg) (PP/CP)

785 2573 -- -- PP Slight Bulge. 5709 Plate #1
986 3233 -- -- PP Slight Bulge. 5710 "
1128 3700 -- -- PP Medium Bulge. Spall Forming. 5711 "
1203 3947 -- -- CP 5712 "
1158 3798 -- -- PP Large Bulge. Spall Forming. 5713 "
1182 3877 -- -- CP 5714 "
1160 3805 -- -- CP 5715 "
1174 3850 -- -- CP 5716 "
1157 3796 -- -- CP 5717 "
1147 3762 -- -- PP 5718 Plate #2
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Pictures 
 
Plate 1 
 
(a) Entry 
 
 

 
 
 



 26

 
 
 
Plate 1 
 
(b) Exit 
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Pictures 
 
Plate 2 
 
(a) Entry 
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Plate 2 
 
(b) Exit 
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Appendix C.  Ballistic Test Data and Pictures, E675-T5, 20-mm  
Fragment Simulating Projectile 

 
 

                                                 
This appendix appears in its original form, without editorial change. 
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Ballistic Data & Pictures  
2.5" Magnesium E675-T5 Plate, ½ aged time 
 
 
Target: Magnesium E675-T5; 1/2 age time 24-Oct-07
Plate #: DF 9242-675 (Plate 1) EF108
Lot#:
Thickness: 59.666mm (2.349") (Avg. of P1: 2.359", P2: 2.346", P3: 2.343" )

Hardness: 131 BHN on 3000kg scale
Obliquity: 0°
Projectile: .20-mm FSP

Setup:  Mg-Air(6")-AL 2024(0.20")

V50: 976 m/s # shots: 4
Std Dev: 8 m/s Spread: 18 m/s

ZMR: 0 m/s

Striking Striking Pitch Yaw Result Comments Shot
Velocity Velocity #

(m/s) (ft/s) (deg) (deg) (PP/CP)

1222 4009 -- -- CP Plate 1 5757
1032 3389 -- -- CP " 5758
943 3093 -- -- PP Plate 2 - Dent in witness 5759
965 3166 -- -- PP Plate 2 - Dents in witness 5760

1001 3283 -- -- CP Plate 2 5761
985 3231 -- -- CP " 5762
983 3225 -- -- CP Plate 3 5763
977 3204 -- -- PP Plate 3 - Dents in witness 5764
980 3214 -- -- CP Plate 3 5765  
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Pictures 
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(a) Entry 
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Plate 1 
 
(b) Exit 
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      Plate 2 
 
Exit 
 

 
 



 35

 
 
 
Plate 3 
 
(a) Entry 
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Plate 3 
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       1 DIRECTOR 
  US ARMY RESEARCH LAB 
  RDRL CIO MT 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIRECTOR 
  US ARMY RESEARCH LAB 
  RDRL D 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
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 3 CDR US ARMY TACOM 
  AMSTA TR S 
  T FURMANIAK 
  L FRANKS 
  D TEMPLETON 
  MS 263 
  WARREN MI 48397-5000 
 
 1 CDR US ARMY TACOM 
  AMSTA TR R 
  D HANSEN 
  WARREN MI 48397-5000 
 
 1 PM HBCT 
  SFAE GCS HBCT S 
  MS 506 J ROWE 
  6501 E 11 MILE RD 
  WARREN MI 48397-5000 
 
 1 PM 
  SFAE GCSS HBCTS 
  J ROWE 
  MS 325 
  WARREN MI 48397-5000 
 
 2 NATL GROUND INTLLGNC CTR 
  J CRIDER 
  W GSTATTENBAUER 
  2055 BOULDERS RD 
  CHARLOTTESVILLE VA 22091-5391 
 
 1 CRUSADER OPM 
  SFAE GCSS CR E 
  B ROOPCHAND 
  BLDG 171A 
  PICATINNY ARSENAL NJ 07806-5000 
 
 3 DARPA 
  DEFENSE SCIENCE OFC 
  L CHRISTODOULOU 
  J GOLDWASSER 
  S WAX 
  3701 N FAIRFAX DR 
  ARLINGTON VA 22203-1714 
 
 1 PM BFVS 
  SFAE GCSS W BV S 
  M KING 
  WARREN MI 48397-5000 

 1 NVL SURFC WARFARE CTR 
  CARDEROCK DIV 
  R PETERSON  CODE 28 
  9500 MACARTHUR BLVD 
  WEST BETHESDA MD 20817-5700 
 
 2 LAWRENCE LIVERMORE NATL LAB 
  R LANDINGHAM  L372 
  J REAUGH  L282 
  PO BOX 808 
  LIVERMORE CA 94550 
 
 2 LOS ALAMOS NATL LAB 
  F ADDESSIO 
  M BURKETT 
  PO BOX 1663 
  LOS ALAMOS NM 87545 
 
 3 SANDIA NATL LAB 
  J ASAY  MS 1811 
  L CHHABILDAS  MS 1811 
  D CRAWFORD  MS 0836  9116 
  PO BOX 5800 
  ALBUQUERQUE NM 87185-0307 
 
 1 AIR FORCE ARMAMENT LAB 
  AFATL DLJW 
  W COOK 
  EGLIN AFB FL 32542 
 
 4 UNIV OF TEXAS 
  INST FOR ADVNCD TECH 
  S BLESS 
  H FAIR 
  J HODGE 
  R SUBRAMANIAN 
  3925 W BRAKER LN 
  AUSTIN TX 78759-5316 
 
 1 UNIV OF DAYTON RSRCH INST 
  N BRAR KLA 14  
  300 COLLEGE PARK 
  DAYTON OH 45469-0182 
 
 2 SOUTHWEST RSCH INST 
  C ANDERSON 
  J WALKER 
  6220 CULEBRA RD 
  SAN ANTONIO TX 78238 
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 2 UNIV OF CA SAN DIEGO 
  DEPT OF APPL MECH & ENGR 
  SVC RO11 
  S NEMAT NASSER 
  M MEYERS 
  LA JOLLA CA 92093-0411 
 
 2 AERONAUTICAL RSRCH ASSN 
  R CONTILIANO 
  J WALKER 
  PO BOX 2229 
  50 WASHINGTON RD 
  PRINCETON NJ 08540 
 
 1 APPLIED RSRCH ASSN INC 
  D GRADY 
  4300 SAN MATEO BLVD NE STE A 
  ALBUQUERQUE NM 87110 
 
 1 BRIGGS COMPANY 
  J BACKOFEN 
  4192 HALES FORD RD 
  MONETA VA 24121-5458 
 
 3 BAE ADVNCD CERAMICS SYS 
  R PALICKA 
  G NELSON 
  B CHEN 
  1960 WATSON WAY 
  VISTA CA 92083 
 
 1 CYPRESS INTERNTL 
  A CAPONECCHI 
  1201 E ABINGDON DR 
  ALEXANDRIA VA 22314 
 
 1 GEN RSRCH CORP 
  PO BOX 6770 
  SANTA BARBARA CA 93160-6770 
 
 3 GDLS 
  W BURKE  MZ436 21 24 
  G CAMPBELL  MZ436 30 44 
  D DEBUSSCHER  MZ436 20 29 
  38500 MOUND RD 
  STERLING HTS MI 48310-3200 
 

1 RJ 
R JONES 
80 PALISADE AVE 
WHITE PLAINS NY  10607 

 3 GDLS 
  J ERIDON  MZ436 21 24 
  W HERMAN  MZ435 01 24 
  S PENTESCU  MZ436 21 24 
  38500 MOUND RD 
  STERLING HTS MI 48310-3200 
 
 4 POULTER LAB 
  SRI INTRNTL 
  D CURRAN 
  R KLOOP 
  L SEAMAN 
  D SHOCKEY 
  333 RAVENSWOOD AVE 
  MENLO PARK CA 94025 
 
 1 RENSSELAER POLYTECHNIC INST 
  S A JACKSON 
  110 8TH ST  TR 3RD FL 
  TROY NY 12180-3590 
 
 1 BAE SYS SIMULA INC 
  R WOLFFE 
  10016 SOUTH 51ST ST 
  PHOENIX AZ 85044 
 
 2 BAE SYSTEMS 
  GROUND SYS DIV 
  E BRADY 
  R JENKINS 
  PO BOX 15512 
  YORK PA 17405-1512 
 
 1 UNITED DEFNS LIMITED PARTNERS 
  GROUND SYS DIV 
  K STRITTMATTER 
  PO BOX 15512 
  YORK PA 17405-1512 
 
 1 PENN STATE UNIV 
  APPLIED RSRCH LAB 
  ACOUSTICS PRGM 
  D SWANSON 
  504L APPLIED SCI BLDG 
  UNIVERSITY PK PA 16803 
 
 1 PACIFIC NORTHWEST NATL LAB 
  E NYBERG 
  MSIN P7-82 
  902 BATTELLE BLVD 
  RICHLAND WA 99352 
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 5 UNIV OF VIRGINIA 
  DEPT OF MTRLS SCI & ENG 
  SCHOOL OF ENG & APPL SCI 
  H WADLEY 
  B214 THORNTON HALL 
  116 ENGINEERS WAY 
  CHARLOTTESVILLE VA 22903 
 
 5 CELLULAR MTRLS INTRNTL INC 
  Y MURTY 
  1200 FIVE SPRINGS RD STE 201 
  CHARLOTTESVILLE VA 22903 
 
 1 FORCE PROTECTION INDUST INC 
  V JOYNT 
  9801 HWY 78 
  LADSON SC 29456 
 
 2 US ARMY RSRCH DEV & ENGRG CTR 
  AMSRD NSC IPD B 
  P CUNNIFF 
  J WARD 
  KANSAS ST 
  NATICK MA 01760-5019 
 
 1 THE AIR FORCE RSRCH LAB 
  AFRL/MLLMP 
  T TURNER 
  BLDG 655  RM 115 
  2230 TENTH ST 
  WRIGHT-PATTERSON AFB OH 
  45433-7817 
 
 1 MISSOURI UNIV OF SCI & TECHLGY 
  R MISHRA 
  B37 MCNUTT HALL 
  ROLLA MO 65409-0340 
 
 1 US INFANTRY CTR 
  MTRLS LOG NCO – SCI TECHNLGY  
  ADVISOR 
  SOLDIER DIV 
  S VAKERICS 
  6731 CONSTITUTION LOOP STE 319 
  FORT BENNING GA 31905 
 
 3 NATL GROUND INTLLGNC CTR 
  D EPPERLY 
  T SHAVER 
  T WATERBURY 
  2055 BOULDERS RD 
  CHARLOTTESVILLE VA 22911-8318 

 3 PROG EXECUTIVE OFC – SOLDIER 
  US ARMY DIR TECH MGMT 
  PROJ MGR - SOLDIER EQUIP 
  K MASTERS 
  C PERRITT 
  J ZHENG 
  15395 JOHN MARSHALL HWY 
  HAYMARKET VA 20169 
 
 1 CERADYNE INC 
  M NORMANDIA 
  3169 RED HILL AVE 
  COSTA MESA CA 92626 
 
 1 FOSTER-MILLER 
  R SYKES 
  195 BEAR HILL RD 
  WALTHAM MA 02451 
 

1 R3 TECHNOLOGY 
J RIEGEL 
7324 FOUNTAIN SPRING CT 
SPRINGFIELD VA 22150-4905 

 
 2 SOUTHWEST RSRCH INST 
  T HOLMQUIST 
  G JOHNSON 
  5353 WAYZATA BLVD STE 607 
  MINNEAPOLIS MN 55416 
 
 1 US ARMY RAPID EQUIPPING FORCE 
  R TURNER 
  10236 BURBECK RD 
  BLDG 361T 
  FORT BELVOIR VA 22060-5806 
 
 1 MAGNESIUM TECH RESRCS LLC 
  S ERICKSON 
  4241 AUGUSTA CT 
  HOWELL MI 48843 
 
 2 LETTERKENNY ARMY DEPOT 
  PRODUCTION ENGRNG DIV 
  AMSAM LE MO E S 
  K HERSHEY 
  J FRIDAY 
  1 OVERCASH AVE 
  CHAMBERSBURG PA 17201-4150 
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 1 SAINT GOBAIN 
  D MCELWEE 
  9 RENEE CT 
  NORTHGATE COMMONS 
  NEWARK DE 19711 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL D 
  J MILLER 
  B SMITH 
  V WEISS 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL SES A 
  N SROUR 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL SES 
  J EICKE 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL SF 
  T BOWER 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL SE 
  J PELLEGRINO 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL SES P 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 1 DIR US ARMY RSRCH LAB 
  RDRL SM 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 5 DIR US ARMY RSRCH OFC 
  RDRL ROE M 
  S MATHAUDHU 
  BLDG 4300 
  RESEARCH TRIANGLE PARK 
  NC  27703

 1 DEFBAR SYS LLC 
  M COOPER 
  1500 S LOUISE 
  SALEM MO 65560 
 
 1 OFC NVL RSRCH 
  D SHIFLER 
  875 N RANDOLPH ST 
  CODE 332  RM 631 
  ARLINGTON VA 22203-1995 
 
 1 US ARMY RDECOM 
  AMSRD NSC IP MC 
  M CODEGA 
  1 KANSAS ST 
  NATICK MA  01760-5000 

 
ABERDEEN PROVING GROUND 

 
 1 DIR USA EBCC 
  SCBRD RT 
  5183 BLACKHAWK RD 
  APG EA MD 21010-5424 
 
 1 CDR USA SBCCOM 
  AMSCB CII 
  5183 BLACKHAWK RD 
  APG EA MD 21010-5424 
 
 1 DIR USAMSAA 
  AMSRD AMS D 
  BLDG 392 
 
 1 CDR USATEC 
  STEAC LI LV 
  E SANDERSON 
  BLDG 400 
 
 1 CDR US ARMY DTC 
  CSTE DTC TT T 
  M SIMON 
  RYAN BLDG 
 
 89 DIR USARL 
  RDRL SL 
   R COATES 
  RDRL SLB 
   R BOWEN 
  RDRL SLB D 
   D LOWRY 
  RDRL SLB W 
   W BRUCHEY 
   L ROACH
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  RDRL VT 
   S WILKERSON 
  RDRL WM 
   L BURTON 
   B FORCH 
   S KARNA 
   J MCCAULEY 
   P PLOSTINS 
   W WINNER 
  RDRL WML 
   T VONG 
   M ZOLTOSKI 
  RDRL WML E 
   R ANDERSON 
  RDRL WML H 
   T FARRAND 
   L MAGNESS 
   D SCHEFFLER 
   S SCHRAML 
   R SUMMERS 
  RDRL WMM 
   J BEATTY  
   R DOWDING 
  RDRL WMM B 
   B CHEESEMAN 
  RDRL WMM C 
   B PLACZANKIS (10 CPS) 
  RDRL WMM D 
   R CARTER 
   E CHIN 
   K CHO 
   W ROY 
   B SCOTT 
   R SQUILLACIOTI 
   S WALSH 
  RDRL WMM F 
   L KECSKES 
   H MAUPIN 
   D SNOHA 
   J CHINELLA 
  RDRL WMM E 
   J P SINGH 
  RDRL WMM F 
   K DOHERTY 
   V HAMMOND 
  RDRL WMS 
   T ROSENBERGER 
  RDRL WMP 
   P BAKER 
   B BURNS 
   S SCHOENFELD 
  RDRL WMP A 
   C HUMMER 
   B RINGERS 

  RDRL WMP B 
   C HOPPEL 
   S BILYK 
   D CASEM 
   J CLAYTON 
   D DANDEKAR 
   M GREENFIELD 
   Y HUANG 
   B LEAVY 
   M RAFTENBERG 
   M SCHEIDLER 
  RDRL WMP C 
   T BJERKE 
   R MUDD  
   S SEGLETES 
   W WALTERS 
  RDRL WMP D 
   R DONEY 
   T HAVEL 
   J RUNYEON 
   M ZELLNER 
  RDRL WMP E 
   M BURKINS 
   W GOOCH 
   M KORNECKI 
   B LOVE 
   D HACKBARTH 
   E HORWATH 
   T JONES (5 CPS) 
   C KRAUTHAUSER 
   D LITTLE 
   D SHOWALTER 
   P SWOBODA 
  RDRL WMP F 
   R GUPTA 
  RDRL WMP F 
   N GNIAZDOWSKI 
   J MONTGOMERY 
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 3 AERONAUTICAL & MARITIME  
  RSCH LAB 
  N MURMAN 
  S CIMPOERU 
  D PAUL 
  PO BOX 4331 
  MELBOURNE VIC 3001 
  AUSTRALIA 
 
 1 OSAKA UNIVERSITY 
  JOINING & WELDING RSCH INST  
  K KONDOH 
  11-1 MIHOGAOAKA IBARAKI 
  OSAKA 567-0047  JAPAN 
 
 1 DEFENSE RESEARCH AGENCY 
  B JAMES 
  PORTON DOWN 
  SALISBURY WTTTS SP04 OJQ 
  UNITED KINGDOM 
 
 4 FRANHOFER INSTITUT FUR 
  KURZZEITDYNAMIK 
  ERNST MACH INSTITUT 
  V HOHLER 
  E STRASSBURGER 
  R TRAM 
  K THOMA 
  ECKERSTRASSE4 
  D 79 104 FREIBURG 
  GERMANY 
 
 1 AMERICAN EMBASSY SINGAPORE 
  E STIERNA 
  PO BOX ODC FPO AP 96507 
 
 1 ROYAL NETHERLANDS ARMY 
  JHOENEVELD 
  V D BURCHLAAN 31 
  PO BOX 90822 
  2509 LS THE HAGUE 
  NETHERLANDS 
 
 1 DEFENCE MATERIEL ADMIN 
  WEAPONS DIRECTORATE 
  A BERG 
  S 11588 STOCKHOLM 
  SWEDEN 

 1 TNO SCIENCE AND INDUST 
  W SILLEKENS 
  DE RONDOM 1 
  PO BOX 6235 
  5600 HE EINDHOVEN 
  THE NETHERLANDS 
 
 1 BISALLOYS STEELS PTY LTD 
  W PANG 
  18 RESOLUTION DR 
  UNANDERRA NSW 2526 AUSTRALIA 
 
 1 TNO DEFENCE SEC AND SAFETY 
  F T M  VAN WEGEN 
  LANGE KLEIWEG 137 
  PO BOX 45 
  2280 AA RIJSWIJK THE NETHERLANDS 
 
 1 GKSS FORSCHUNGSZENTRUM  
  GEESTHACHT GMBH  
  MAGNESIUM INNVTN CTR 
  N HORT 
  MAX PLANCK STR 1 GEB 47 
  D-21502 GEESTHACHT GERMANY 
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INTENTIONALLY LEFT BLANK. 


